A total of 113 patients were randomly allocated to receive either ticarcillin plus clavulanic acid (total dose, 20.8 g) or clindamycin (total dose, 2.4 g) plus amikacin (total dose, 1 g) as perioperative antimicrobial prophylaxis for major head and neck surgery. The two groups were similar in age, prior antineoplastic treatment (surgery, chemotherapy, and radiotherapy) or tracheostomy, and the various types of surgery including radical neck dissection. The wound infection rate was 10% in the group of patients receiving clindamycin plus amikacin and 36% in the group receiving ticarcillin plus clavulanic acid (P < 0.05). Initiation of systemic antibiotic therapy within 15 days of surgery was necessary for 20 and 45% of these patients, respectively (P < 0.05). The distribution of microorganisms causing wound infections was comparable in both groups, except for anaerobes, which were isolated predominantly from patients who had received ticarcillin plus clavulanic acid.
The benefit of antimicrobial prophylaxis for major head and neck surgery in patients with cancer is well recognized. Without prophylaxis, the rate of wound infection ranges between 36 and 87% (2, 4) . Although numerous antimicrobial agents including synthetic penicillins, ureidopenicillins, clindamycin with or without an aminoglycoside, and various cephalosporins have been evaluated in this connection (5-8, 10, 11) , there is no general agreement on the optimal regimen to recommend.
Wounds caused by surgery for cancer of the upper aerodigestive tract are classified as clean contamined because they are in contact with the oropharyngeal flora. This flora consists mostly of gram-positive cocci and anaerobes, but colonization of the oropharynx by aerobic gram-negative rods is common in patients with head and neck cancer. Many factors are responsible for the modification of the oral flora in those patients and include mucosal damage secondary to the neoplasia itself or to antineoplastic chemotherapy and/or radiotherapy, previous courses of antibiotics, and a poor general condition, which often results in poor local hygiene of the oral cavity. This observation supports the use of broad-spectrum antibiotics in prophylaxis of infection during surgery in these patients. However, the exact role of antimicrobial coverage against aerobic gram-negative rods remains controversial (9) .
Previous studies from our center have shown the need for anaerobic coverage, but a high rate of perioperative infections due to gram-negative rods was observed also (4, 5, 10 simultaneous wound infections and septicemia. Three patients with lung infections were treated only with intratracheal amikacin. The median duration prior to the onset of infection was 9 days (range, 8 to 13 days) for wound infections and 6 days (range, 2 to 13 days) for pulmonary infections.
In group 2 (ticarcillin plus clavulanic acid) we observed the same rate of septicemia, two cases (3%) caused by Klebsiella pneumoniae, and a similar rate of pulmonary infection as in group 1, seven cases (12%). However, the rate of wound infection was higher in group 2 than in group 1 patients: 20 patients (36%) versus 6 patients (10%) (chisquare test; P < 0.05). In addition, 25 patients (45%) in group 2 required the administration of systemic antibiotic therapy within 2 weeks of surgery, compared with only 12 patients (20%) in group 1 (P < 0.05). The delay prior to the onset of infection was similar for both groups (Fig. 1) . Septicemias (two cases) occurred in group 2 patients on days 8 and 12 after surgery; the median duration prior to wound infection was 10 days (range, 5 to 15 days), and that for pulmonary infections was 6 days (range, 2 to 13 days). One patient was successfully treated with ceftazidime plus vancomycin (day 1 postoperatively) for suspected sepsis. One patient had simultaneous lung infection and sepsis, and one had lung simultaneous wound infection. Three patients with wound infection were treated only by local drainage.
Methicillin-resistant staphylococci were isolated equally frequently from patients in both groups (2 of 6 group 1 patients and 5 of 20 group 2 patients; not statistically significant by the chi-square test), and anaerobes were more frequently isolated from group 2 patients (P = 0.001; chisquare test) ( Table 2 ). All pathogens isolated were susceptible to the antibiotics used as prophylaxis, except for methicillin-resistant staphylococci. Postsurgical colonization of the wound and/or oropharynx occurred in 30 patients in group 1 and 34 patients in group 2. Colonization by aerobic gram-negative rods was observed in 26 patients (44%) in group 1 and in 26 patients (47%) in group 2. Klebsiella species were the most common gram-negative rods identified and were isolated from 10 patients in group 2 but only from 3 patients in group 1; all strains were susceptible to both amikacin and ticarcillin plus clavulanic acid.
DISCUSSION
Postsurgical wound infection is an important complication, particularly after head and neck surgery in cancer patients. Severe morbidity related to it is responsible for prolonged hospitalization and serious discomfort. There are several reasons for these complications: (i) wounds that are contamined by the oropharyngeal flora, and (ii) the altered status of these patients, including decreased host defenses as a result of the neoplasia, poor nutrition, and/or previous radiotherapy or chemotherapy.
The different microorganisms commonly isolated from wound infections after surgery for head and neck cancer are gram-positive cocci, anaerobes, and gram-negative rods. The variety of bacteria identified in these wound infections explains the number of antibiotics which have been evaluated for potential prophylaxis in such circumstances.
Clindamycin alone or in combination with an aminoglycoside has been widely used, with satisfactory results. Piccart et al. (10; 13th ICC) reported wound infection rates of 9% with clindamycin and netilmicin versus 16% with clindamycin alone (P < 0.58). Johnson et al. (7), using clindamycin plus gentamicin as a short-duration prophylaxis (24 h) versus a long-duration prophylaxis (5 days), reported 7 and 4% postoperative wound infection rates, respectively. In another study, Johnson et al. (9) , using clindamycin alone versus clindamycin plus gentamicin, failed to demonstrate any advantage of the association over clindamycin alone, with 3.8% postoperative wound infection rate in both groups.
The better results obtained in our trial with clindamycin plus amikacin compared with ticarcillin plus clavulanic acid is difficult to explain, since the antibacterial spectrum of both regimens is similar. The marked difference in the incidence of wound infections caused by anaerobes stresses the excellent activity of clindamycin against these pathogens.
The difference between the two regimens tested might be related to the postantibiotic effect (PAE). PAE is a persistent suppression of bacterial growth after a short exposure to an antimicrobial agent (3). In vitro studies have shown that clindamycin had a longer PAE than most beta-lactam antibiotics against gram-positive cocci and gram-negative anaerobes. Aminoglycosides also have a significant PAE against gram-negative rods, whereas beta-lactam antibiotics do not.
The decrease in adherence of bacteria to mucosal surfaces after exposure to clindamycin (1) could also explain the better results obtained with the clindamycin-amikacin association. In addition, bacteria in the postantibiotic latent state induced by an aminoglycoside are more susceptible to neutrophil-mediated killing (P. Van der Auwera, Drug Dev., in press).
Thus, the control of postoperative infection may be influenced not only by the antibacterial spectrum per se but also by other microbiological properties such as PAE, postantibiotic leukocyte enhancement, and modification of adhesion of bacteria to the mucosal membranes. Piccart et al. (10) have reviewed four randomized studies performed with 429 patients at the Institut Jules Bordet. The rate of infection in antibiotic-treated patients ranged from 6 to 16%, whereas it was 24% in a placebo group. In these studies only 14 to 23% of the patients had major surgery, including radical neck dissection, in contrast to a rate of 62% in the present study. This may explain why antibiotic treatment for postoperative infection was required in 32.7% of the patients in the present study. In conclusion, the optimal antimicrobial prophylaxis for major head and neck surgery remains difficult to define. Nevertheless, clindamycin plus an aminoglycoside has been widely recommended, and a low incidence of wound infection was also observed with this type of combination in the present trial. These observations should be taken into account when planning further studies of the role of antibiotics as antimicrobial prophylaxis in extensive surgery for head and neck cancer.
